Breast cancer is the most common cancer affecting women in the world today. Matrix metalloproteinases (MMPs) are a family of endopeptidases that can degrade extracellular matrix proteins and promote cell invasion and metastasis. MMPs are differentially expressed and their expressions are often associated with a poor prognosis for patients. OBJECTIVE: The aim of this study is to investigate and compare the expression of MMPs in different grades of human breast cancer tissues with normal breast tissues. PATIENTS AND METHODS: We collected 39 breast cancer samples (24 grade II and 15 grade III) along with 16 normal breast tissues from outside the tumor margin during cancer removal surgery. The samples were analysed for the expression of all known MMPs using real-time quantitative PCR.
Introduction
Matrix metalloproteinases (MMPs) are zinc-dependent endopeptidases whose primary function is the degradation of proteins in the extracellular matrix (ECM) [1] . In humans, 23 members of MMPs have been reported so far and are classified based on their substrate specificity in to collagenases (MMP-1, -8 and -13), gelatinases (MMP-2 and -9), stromelysins (MMP-3, -10 and -11), matrilysins (MMP-7 and -26), enamelysin (MMP-20), membrane-bound MMPs (MMP-14 to -17, MMP-24 and -25) and others (MMP-19, -21, -23, -27 and -28) [2] . MMPs are highly upregulated and are active in malignant tissues compared to normal, benign or premalignant tissues, with highest expressions in tumor-stromal interface [3] . They are involved in various vital aspects of cancer progression including proliferation, invasion, epithelial to mesenchymal transformation, metastasis and angiogenesis.
Several studies have described the presence and role of MMPs in breast cancer. MMPs (MMP-1, -2, -8 to -13, -15, -19, -23, -24, -27 and -28) showed a stronger expression in breast cancer tissue compared to normal breast tissue [4] . Further, MMP-8, -10, -12 and -27 showed a tumor grade dependent expression [4] . MMP-1, 2, 3, 9 and 14 are implicated as key factors in tumor invasion, metastasis and angiogenesis [5] . MMP-2, -7, -9, -10, -11, -13, -14 and -15 have been involved in the progression of breast cancer [6] . MMP-1, -2, -7 and -9 have been linked to cancer cell proliferation [7] [8] [9] [10] , whereas MMP-1, -2, -3, -7 and -9 to -18 are involved in breast tumor metastasis [5, 7, 8, [10] [11] [12] . MMP-13 is shown to dissolve bone matrix and favours breast-bone metastasis [8] . Further, MMP-1 to -4, -9 to -19 have been found to regulate the invasion of breast cancer [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] . Another key aspect in breast cancer is the epithelial to mesenchymal transformation which is facilitated by MMP-1, -2, -3 and -9 [16, 17] . MMP-3 promotes late epithelial-tomesenchymal phenotypic changes which are associated with aggressive malignancy [9] . MMPs -1, -2, -7 and -9 have been shown to play a role in tumor angiogenesis [5, 8, 10, 11] . Twenty three members of MMPs are known so far, however all of their roles in breast cancer is not fully understood.
MMPs have been considered as potential targets for cancer therapy because of their enormous upregulation in cancer tissues and their exclusive ability to degrade ECM. MMPs are promising candidates to be used as potential cancer biomarkers with vast diagnostic and prognostic value. Evidence is emerging that MMPs can serve not only as potential markers for diagnosis and prognosis, early detection and risk assessment, but also as indicators of tumor recurrence, metastatic spread, and response to primary and adjuvant therapy for breast cancer [18] . The role of MMP-9 has been extensively studied in breast cancer [18] . In breast cancer patients, the levels of MMP-9 in tumor tissue, serum, plasma, urine and nipple aspirate fluid are highly elevated [19] [20] [21] . Further, MMP-9 levels significantly dropped following the surgical removal of primary breast tumours and in patients who responded well to adjuvant therapy [22] . Similar observations has been made in other types of cancers also including pancreatic [23] , bladder [24] , lung [25] , colorectal [26] , ovarian [27] , prostate [28] and brain tumours [29] . MMP could be used as possible therapeutic target using MMP inhibitors (MMPIs). Its clinical use however is complicated. Similar to many anticancer drugs, MMPIs may actually be more effective when administered at earlier stages of cancer progression rather than when a patient is suffering from end stage disease having experienced failure with all other conventional therapies [18] .
Although plenty of data is available on the role and expression of MMPs, no systematic attempt has been done so far to quantitatively survey the presence of all the known MMPs in different grades of human breast cancer tissues. In this study we are aiming to investigate expression levels of all human MMPs known so far in different grades of human breast cancer tissues along with normal human breast tissues.
Patients and methods

Tissue samples
The study was performed with approval of the Ethics Committee of the University of any forms of malignancy or other pathological findings (Data not shown). The cancer tissues obtained during surgery were immediately placed in −20
• C cryobox and brought to the laboratory and stored in −80
• C freezers until used.
Total RNA extraction and real time RT-PCR
Total RNA was extracted by a single-step technique using TRI Reagent (Sigma, USA) according to the manufacturer's protocol. Reverse transcription (RT) was done using the iScript cDNA Synthesis kit (BioRad, Richmond, CA, USA) following the manufacturer's procedures. For cDNA synthesis, 2 μg of total RNA was reverse-transcribed using random hexamer primers and MMLV RT enzyme. Real-time PCR was performed on a CFX 96 Touch Real Time PCR (BioRad, USA) using the Mesa Green qPCR kit (Eurogentec, USA). The cycling conditions were 95
• C 5 m, 45 cycles (95 • C 30 s, 56 • C 30 s). Under these conditions, no amplification was observed in the non-template or no RT controls. The list of primers and the internal control sequence are given in (Table 2 ). The specificity of the amplification product was determined by melting curve analysis for each primer pairs. The data was analysed by comparative CT method and the fold change was calculated by 2 −ΔΔCT method using CFX Manager Version 2.1 (Bio Rad, USA).
Statistical analysis
The data were analysed using GraphPad Prism 5.0 Software (GraphPad Software, La Jolla, USA). Comparison of expression values between normal (control) and cancer were performed by the non-parametric t test followed by Mann-Whitney U test and comparison between normal, grade II and grade III were performed by the Kruskal-Wallis test followed by Dunn's multiple comparison test, and p-values < 0.05 were considered as statistically significant. Table 2 The primers used in quantitative PCR reactions for human matrix metalloproteinases and GAPDH genes are as follow Name Accession number Primer sequence
3. Results
Patient data
In the present study we analysed 24 grade II samples and 15 grade III samples from patients of age ranging from 29 to 85 with a mean age of 56 years. The patient data is summarized in Table 1 . Patients with grade II tumour had bigger tumour size, but no differences were observed in the nodal status between the groups. More patients in grade III tumour had lymph node metastasis at the time of diagnosis. The distribution of the estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) statuses are shown in Figs 1a and 1b. The ER, PR and HER2 status was identified by immunohistochemistry.
(a) (b) (c) Fig. 2 . Expression of collagenases in human breast cancer and in control tissues. Expression of MMP-1 (Fig. 2a) , MMP-8 ( Fig. 2b) and MMP-13 ( Fig. 2c) in control, grade II and grade III breast cancer. The expression level of each gene was normalized to corresponding expression of β-actin. Control, n = 16; Grade II, n = 24 and Grade III, n = 15.
Expression of collagenases (MMP-1, -8 and -13) in breast cancer tissues
The expression of collagenases tends to increase in the cancer tissues in comparison to the control breast tissues. In order to determine the quantitative changes of MMPs expression associated with human breast cancer progression, total RNA was isolated from tissues and subjected to real time PCR using the specific primers designed for MMPs. MMP-1 was significantly increased (p < 0.05) in grade III breast cancer when compared with control with around 4 times the median expression of the control, but in grade II the expression was equivalent to that of controls (Fig. 2a) . MMP-8 expression showed an upregulation, however, it did not reach statistical significance (Fig. 2b) . There was no change in the mRNA expression of MMP-13 in breast cancer tissues compared to normal breast tissues (Fig. 2c). 
Expression of gelatinases (MMP-2 and MMP-9)
in breast cancer tissues MMP-2 did not show any significant increase in grade II or grade III when compared to controls (Fig. 3a) . MMP-9 was found to be highly upregulated in grade II with more than 10 fold upregulation (p < 0.01) but its expression was significantly downregulated in grade III (p < 0.05) (Fig. 3b) . MMP-9 expression was upregulated in cancer tissues compared to control (p < 0.05) in both grade II and grade III breast cancer tissues (Fig. 3c) .
Expression of stromelysins (MMP-3 and MMP-10) in breast cancer tissues
There was no change in the mRNA expression level of MMP-3 in cancer tissues compared to normal breast tissue's (Fig. 4a) . However, MMP-10 level was significantly decreased in grade II (p < 0.001) and in grade III (p < 0.05) compared with control to 6-fold and 5-fold respectively (Fig. 4b) . MMP-10 level was dramatically downregulated (p < 0.001) with 95.83% downregulation when compared between normal human breast tissues and breast cancer tissues without taking grades into account (Fig. 4c) .
Expression of matrilysins (MMP-7, MMP-11 and MMP-26) in breast cancer tissues
MMP-7 expression did not show any change at mRNA level between controls and human breast cancer tissues; however some samples in grade III showed several fold up regulation (Fig. 5a ). The expression of MMP-11 significantly increased in grade II (p < 0.05) when compared with control but no increase could be seen in grade III cancer tissues (Fig. 5b) . MMP-11 level was significantly increased 6-fold (p < 0.05) in grades II and III combined cancer tissues compared to normal human breast tissues (Fig. 5c) . We did not observe any change in the expression of MMP-26 in human breast cancer tissues (Fig. 5d ).
Expression of membrane associated MMPs (MMP-14 to MMP-17, MMP-24 and MMP-25) in breast cancer tissues
MMP-15 and -24 showed a grade dependent increase in their expression pattern in human breast cancer tissues. Their expressions were significantly increased in grade II (p < 0.05) and in grade III (p < 0.01) when compared to normal human breast tissues ( Fig. 6a and 6b ). MMP-25 expression level was significantly upregulated (p < 0.05) only in grade II but not in grade III human breast cancer tissues in com- parison to control tissues (Fig. 6c) . A significant upregulation of MMP-15 (p < 0.05), MMP-24 (p < 0.01) and MMP-25 (p < 0.01) expression was found in grades II and III combined human breast cancer tissues (Fig. 6d, e and f) . There was no change in the expressions of MMP-14, MMP-16 and MMP-17 in cancer tissues compared to normal tissues (data not shown).
Expressions of other MMPs (MMP-12, MMP-19 to MMP-21, MMP-23, MMP-27 and MMP-28) in breast cancer tissues
There was a significant increase in the expression of MMP-12 in grade III when compared to grade II (p < 0.01), however, there was no difference in the expression level of MMP-12 between control and any of the cancer grade tissues (Fig. 7a) . MMP-19 was significantly downregulated (p < 0.05) in grade combined cancer tissues when compared to normal breast tissue (Fig. 7b) . MMP-20,-21,-23,-27 and -28 did not show any differences in their expression between normal breast and breast cancer tissues (data not shown).
Discussion
MMPs degrade virtually every component of the ECM and their substrates also include non-ECM molecules like growth factor precursors and cell surface adhesion molecules. MMPs have also been implicated in the epithelial to mesenchymal transition (EMT) leading to metastasis [30] . Further, they promote angiogenesis through their release of angiogenic factors such as vascular endothelial growth factor (VEGF) [31] . Our results show that MMPs are differentially regulated in breast cancer tissues compared to normal breast tissues. It is interesting to note that MMPs (collagenases, gelatinases, stromelysins and matrilysin) having different substrate specificities are regulated during breast cancer progression.
Our data show that among collagenases, MMP-1 alone is upregulated in breast cancer. The upregulation of MMP-1 in grade III breast cancer is similar to several previous observations [4, 22, 23] . It is known that MMP-1 promotes cancer invasion through matrix degradation, angiogenesis, osteoclast activa- tion and metastasis [24, 25] . Recent studies demonstrated that MMP-1 is associated with poor clinical outcome showing significant negative correlation with survival, breast cancer progression and poor prognosis [26] [27] [28] 32] . We did not observe any significant difference in MMP-8 mRNA levels and a similar observation has also been reported previously but at protein level [4] . MMP-13 is associated with increased malignancy and shorter overall survival and represents a poor prognosis marker in breast carcinomas [13, 33, 34] . We previously reported that MMP-13 is expressed in highly metastatic and invasive human breast cancer cells (MDA-MB231) and its expression is upregulated by local bone growth factors such as TGF-β1 in these cells [35] [36] [37] . Although MMP-13 was shown to be upregulated in breast cancer [4] , our data did not show any such tendency. Gelatinases (MMP-2 and MMP-9) are involved in tumor invasion, metastasis, tissue remodelling via extracellular matrix as well as basement membrane degradation and induction of angiogenesis [3] . Our data is also consistent that MMP-9 expression is upregulated in cancer tissues. MMP-9 plays a vital role in tumor angiogenesis, regulating the bioavailability of VEGF, which is a potent inducer of tumor angiogenesis and a therapeutic target [31, 38] . It has been shown that MMP-9 along with MMP-2 activates TGFβ signalling to promote tumor invasion, angiogenesis, cell survival and promotes metastasis [29, 39] . In this study, MMP-2 mRNA expression did not show any change which is similar to a previous observation [4] . Experimental evidence has shown that MMP-3 may be involved in breast cancer invasion [15] . MMP-3 provides an example of a metalloproteinase that can be either protective or protumorigenic in relation to growth [40] . In our study expression level of MMP-3 did not show any change.
MMP-10 plays an important role in the invasion and metastasis of head and neck squamous cell carcinoma [41] but its role on breast cancer is largely unknown. We found that MMP-10 expression was decreased in comparison with control suggesting that MMP-10 could act as tumor suppressor. In matrilysin family, MMP-7 expression has been shown to be upregulated [4] . MMP-7 has been implicated in inflammation, proliferation, apoptosis, invasion and angiogenesis [37] . Our results show an upregulating tendency but did not reach statistical significance. MMP-11 was upregulated in our study in grade II breast cancer patients. Other reports also support our data [4, 38] . It is reported that overexpression of MMP-11 correlates with poorly differentiated tumours and lymph node metastasis [38] . Unlike a previous report [4] , we observed the presence of MMP-26, however there was no change in its expression. Membrane associated MMPs like MMP-15, MMP-24 and MMP-25 showed upregulation with MMP-15 and MMP-24 showing a grade dependent increase. A recent study indicate that MMP-15 is associated with tumorogenesis, invasion and metastasis [42] . MMP-24 and MMP-25 have been shown to be present in MDA-MB-231 breast cancer cells [15] and breast cancer tissue [4] . Similarly, our data also show a grade dependent increased in the expression of MMP-24. MMP-24 has also been shown to promote invasiveness in ovarian cancer cells [43] . Although no reports are available on role of MMP-24 in breast cancer, there is a possibility that MMP-24 may perform a similar action. MMP-25 has been shown to express highly in colon cancer and promotes tumor growth [44] .
MMP-12 has been reported to play a role in the degradation of extracellular matrix [45] . In this study, we found that MMP-12 expression was increased be- tween grade II and grade III of breast cancer. A similar observation was reported earlier [4] . Although the role for MMP-19 in breast cancer is not understood, it is involved the development of colorectal cancer [46] . We also show that the expression of MMP-19 is downregulated in breast cancer compared to control samples. Further, it has also been reported that MMP-19 is downregulated during neoplastic transformation and histological dedifferentiation [47] supporting our observation in this study.
Conclusion
Overall, our study shows that expression of MMP-1, -9,-11,-15,-24 and -25 are upregulated in human breast cancer tissues compared to normal human breast tissues. Further, membrane associated MMPs like MMP-15 and MMP-24 displayed a grade dependent increase of their expression, whereas the expression of MMP-10 and MMP-19 were downregulated (Table 3) . During breast cancer progression, there is differential expression of MMPs and this is the first study to systematically report expression of all 23 MMPs at mRNA level in human breast cancer tissues using a quantitative approach. Since expressions of these MMPs are altered during breast cancer progression, these regulated MMPs could be of enormous value to be studied as diagnostic markers and novel drug targets.
